ABSTRACT The protective effect of raspberry ketone against nonalcoholic steatohepatitis (NASH) was tested by using a high-fat diet-induced NASH model, and its mechanism was explored. Forty Sprague-Dawley rats with a 1:1 male to female ratio were randomly divided into five groups: the normal control (NC) group (n = 8) fed normal diet for 8 weeks, the model control (MC) group (n = 8) fed high-fat diet (82% standard diet, 8.3% yolk powder, 9.0% lard, 0.5% cholesterol, and 0.2% sodium taurocholate), and the raspberry ketone low-dose (0.5%) (RKL) group (n = 8), the raspberry ketone middle-dose (1%) (RKM) group (n = 8), and the raspberry ketone high-dose (2%) (RKH) group (n = 8) fed high-fat diet for 4 weeks. were measured in rats. Therefore, we determined the peroxisome proliferator-activated receptor (PPAR)-a activity in liver homogenate and the levels of low-density lipoprotein receptor (LDLR), high-sensitivity C-reactive protein (hs-CRP), adiponection (APN), superoxide dismutase, and malondialdehyde (MDA). The liver tissues of rats in each group were imaged by electron microscopy with hematoxylin-eosin as the staining agent. The levels of TG, TC, LDL-C, ALT, AST, ALP, GLU, INS, IRI, FFA, LEP, TNF-a, MDA, and hs-CRP of MC rats were significantly increased (P < .05, P < .01). Therefore, the levels of HDL-C, ISI, PPAR-a, LDLR, and APN were significantly decreased (P < .05, P < .01). Compared with the MC group, each parameter in the RKL, RKM, and RKH groups was significantly improved (P < .05, P < .01). Thus raspberry ketone was an effective intervention for NASH in rats. It was believed that raspberry ketone had a dual effect of liver protection and fat reduction, and the mechanism was probably mediated by alleviation of fatty degeneration of liver cells, decreased liver inflammation, correction of dyslipidemia, reversal of LEP and INS resistance, and improved antioxidant capacity.
INTRODUCTION R
aspberry (Rubus rosaceae L.) fruits contain various vitamins, amino acids, minerals, sugars, organic acids, and other nutrients as well as bioactive compounds such as flavonoids, ellagic acid, and anthocyanins, which could inhibit cancer cells and resist cardiovascular disease. 1, 2 Raspberry ketone (RK) [4-(4-hydroxyphenyl) butan-2-one], one of the major aromatic compounds of raspberry, 3 is widely used as a fragrance in cosmetics and as a flavoring agent in foodstuffs. 4 In one study investigating the intragastric administration of RK (1 mmol/kg), about 90% of the dose was excreted as metabolites via the urine within 24 h in rats, guinea pigs, and rabbits. 5 However, there have been no reports on the biological effects of RK. RK was discovered in blackberries by Japanese researchers. 6 Morimoto et al. 7 reported that a dose of 1% RK was sufficient to prevent high-fat diet-induced increases in body and tissue weights; it was also shown that 1% RK remedially affected the increases in body weight, visceral adipose tissues weights, and hepatic triacylglycerol content in mice fed with a high-fat diet. These results indicate that RK prevents the obesity and the fatty liver induced by feeding a high-fat diet. Meng et al. 8 showed that RK could reduce the weight of high-fat diet-induced obese rats, suggesting that RK exerts anti-obesity functions by mediating lipid disorders, improving insulin (INS) resistance (IR), and reversing leptin (LEP) resistance. On the other hand, the study of Zhou et al. 9 illustrated that RK can also treat nonalcoholic steatohepatitis (NASH) by affecting lipid disorders, improving LEP resistance, inhibiting lipid peroxidation, and modulating inflammatory responses, perhaps through enhancement of peroxisome proliferatoractivated receptor (PPAR)-c expression.
The incidence of high-fat diet-induced fatty liver is increasing, 10 making it the subject of intense research because current drug treatments are not highly effective. 11 NASH is also an intermediate stage of nonalcoholic fatty liver disease (NAFLD). NAFLD encompasses the metabolic response to liver damage, including IR. The pathological changes in NAFLD are similar to those in alcoholic liver disease, but patients with NAFLD have no history of excessive alcohol consumption. In recent years, studies have shown that approximately 15% of patients with nonalcoholic fatty liver can develop NASH from simple fatty liver. 12 Furthermore, it can progress to fibrosis and cirrhosis, and 3% of patients may develop liver failure. 13 A 20-year follow-up study showed that fatty degeneration of liver cells alone was not progressive, whereas 20% patients with NASH can developed cirrhosis in 5-10 years.
14 Moreover, up to 28% of patients with cirrhosis related to NASH developed cirrhosis in 10 years with some liver-related deaths and hepatocellular carcinoma. 15 Therefore, NAFLD research has become a major focus liver disease research. 16 Currently, treatments of NAFLD include various dietary, lifestyle, and drug therapies that act as hypoglycemic and hepatoprotective agents. [17] [18] [19] It has now been confirmed that NASH is closely related with obesity, diabetes type 2, hyperlipidemia, and other metabolic syndrome. 20, 21 Therefore, lipid-lowering drugs are commonly used in clinical treatment of fatty liver. 22, 23 However, some lipidlowering drugs have potential liver toxicity, and some fail to decrease liver fatty deposits and may exacerbate liver injury. 24, 25 Therefore, drugs with the dual role of lipidlowering and liver-protecting effects will be more appropriate for the prevention and treatment of fatty liver. 26 The ''two hits'' theory of NASH, raised by Day and James, 27 holds that the first hit is mainly from IR, causing the fatty degeneration of liver cells; the second hit is mainly that IR is intensified under the functions of cytokines and oxidative stress, and the function of liver cells is damaged, causing fat-induced hepatitis. In the two hits, IR plays an important role, and the impaired lipid metabolism in liver is the basis of various forms of fatty liver.
Many epidemiological data and laboratory observations have also confirmed that RK is effective in weight loss, 28 but only a few have reported that RK also has effects on NASH. 8 In this study, RK's effects on the ultrastructure of mouse liver tissues were used to evaluate the effect of RK on NASH. Furthermore, biochemical, enzyme histochemistry, immunohistochemistry, and enzyme-linked immunosorbent assay analyses were applied in this study. In addition, not only were the levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total cholesterol (TC), triglycerides (TG), glucose (GLU), INS, INS-sensitive index (ISI), LEP, and tumor necrosis factor a (TNF-a) of blood samples and malondialdehyde (MDA) contents, superoxide dismutase (SOD) activity, and PPAR-c of liver tissues detected, but also for the first time blood lipid parameters (high-density lipoprotein cholesterol [HDL-C] and low-density lipoprotein cholesterol [LDL-C]), liver function parameters (ALT, AST, and alkaline phosphatase [ALP]) of serum, and free fatty acid (FFA) with calculated IR index (IRI). PPAR-a in liver homogenate and low-density lipoprotein receptor (LDLR), high-sensitivity C-reactive protein (hs-CRP), and adiponectin (APN) were detected as well. [29] [30] [31] Also, the liver tissues of rats in each group were imaged by electron microscopy with hematoxylin-eosin as the staining agent.
We used rats as a model for high-fat diet-induced NASH, determining the main variables related with NASH. We also investigated the main target of RK in NASH. 32, 33 The results assist in the development of a safe and effective natural intervention for NASH.
MATERIALS AND METHODS

Primary compound
Natural RK (purity ‡ 99%) was purchased from Wuhan Hezhong Chemical Manufacture Co. Ltd. RK was diluted with salad oil to concentrations of 0.5%, 1%, and 2% for use.
Experimental animals
Forty male and female Sprague-Dawley specific pathogen-free grade rats weighing 80-100 g (animal license number SCXK [Liaoning Province] 2008-0005) were purchased from the Animal Experiment Center of China Medical University.
Standard diet containing 25% maize, 15% soybean flour, 15% barley meal, 12% bran, 10% cabbage, 10% fish protein concentrate, 5% bone meal, 2% salt, and 1% yeast was purchased from the Animal Experiment Center of China Medical University.
High-fat diet containing 82% standard diet, 8.3% yolk powder, 9.0% lard, 0.5% cholesterol, and 0.2% sodium taurocholate was purchased from Shenyang Yuhong Qianmin Animal Feed Factory, with cobalt-60 irradiation before use.
Primary reagents
The following reagents were obtained: INS, LEP, FFA, TNFa, enzyme-linked immunosorbent assay kit (GBD Co., lot 21010512); PPAR-a, LDLR, hs-CRP, APN, enzyme-linked immunosorbent assay kit (R&D Co.); SOD, MDA, Coomassie Brilliant Blue staining kit (Nanjing Jiancheng Bioengineering Institute, lot 20100112); cholesterol (analytically pure, Sinopharm Chemical Reagent Co. Ltd., lot F20091029, AR); and other reagents including formaldehyde, ceresin wax, absolute ethyl alcohol, chloral hydrate, and glutaraldehyde (domestic analytically pure).
Primary instruments
Instruments were obtained as follows: the TDL-5A centrifuge from ShangHai Anting Scientific Instrument Factory, the model 550 microplates from Bio-Rad, the model DY89 electric glass homogenizer from Ningbo Xinzhi Biotechnology Co., Ltd., the BL610 type electronic balances from Beijing Sartorius-Mechatronics Co., Ltd., the model OLS200 constant temperature water bath from Grant Co., the model CL-2000 full-automatic biochemical analyzer from Shimazu Corp., the electronic scale from Zhongshan Hengxin Electronic Co., Ltd., the paraffin slice machine from Leica Co., the optical microscope from Olympus Co., the model H-7650 transmission electron microscope from Hitachi Ltd., the model LKBV5 ultrathin slicer from LKB Instruments, and the trace liquid removal device from Eppendorf Co.
Establishment of the experimental animal model
The animals were raised in a specific pathogen-free barrier system animal laboratory of the Animal Experiment Center of China Medical University. During the experimental period, the animal room held four rats per cage, with free access to water and food, under conditions of temperature controlled at 20-26°C, humidity at 40-70%, and a 12/ 12-h day-night light cycle. Rats were fed with normal diet for 1 week and then randomly divided into five groups: normal control (NC) group (n = 8) fed normal diet for 8 weeks, the model control (MC) group (n = 8) fed high-fat diet (82% standard diet, 8.3% yolk powder, 9.0% lard, 0.5% cholesterol, and 0.2% sodium taurocholate), the RK lowdose (RKL) group (n = 8), the RK middle-dose (RKM) group (n = 8), and the RK high-dose (RKH) group (n = 8). Rats were first fed with high-fat diet for 4 weeks, and then these rats were given intragastrically 0.5%, 1%, or 2% RK. The first two groups of rats were intragastrically administered salad oil at the same dose (2 mL/day per rat) once a day at 10:00 a.m., lasting for 4 weeks.
Sample collection and preparation
On the weekend night after 8 weeks, rats were fasted except for water for 12 h and weighed the next morning, followed by intraperitoneal injection of 10% chloral hydrate at a concentration of 0.35 mL/100 g, and blood samples were collected from the abdominal aorta and held at 4°C. After centrifugation using the TDL-5A at 3000 rpm for 10 min, the final sera were collected and stored at -20°C. In addition, part of the right hepatic lobe was taken, fixed with 10% formaldehyde, paraffin-embedded, and sliced, with hematoxylin-eosin staining, for histologic examination of the liver.
Observation of changes of liver tissue ultramicrostructure by transmission electron microscopy After sampling, 2.5% of glutaral (prepared with dipotassium sodium arsenate) was used to fix the samples for 2 h. Samples were washed with phosphate-buffered saline three times. After fixing with 1% osmic acid (CsO 4 ), samples were washed three times with phosphate-buffered saline. Samples were then sequentially dehydrated with 50% and 70% alcohol followed by 80%, 90%, and 100% acetone. After immersion overnight, samples were polymerized at 35°C, 45°C, and 60°C for 24 h (total 72 h). Samples were sliced with an ultramicrotome (model LKBV5), treated with uranyl acetate-lead citrate dye, and then observed with a transmission electron microscope (model H-7650). The slice thickness was 50-70 nm.
Data analysis
Data analysis was performed using SPSS version 13.0 statistical software. The experimental data were expressed as mean -SD values. Comparison of mean values in groups was conducted with single-factor analysis of variance (oneway analysis of variance), and pairwise comparison was performed with the least significant difference method. If P < .05, differences between groups were considered statistically significant.
RESULTS
Effects of RK on serum biochemical indicators in rats
As shown in Table 1 , compared with NC rats, the blood lipid level of MC rats was significantly increased (P < .01), and the HDL-C level was significantly decreased (P < .01). Furthermore, compared with MC, the TG, TC, and LDL-C levels in RKL, RKM, and RKH rats were significantly increased (P < .01).
As shown in Table 2 , the serum levels of AST, ALT, and ALP in MC rats were significantly higher than those in NC rats (P < .01), which indicated that this was a successful model of liver injury. The serum levels of AST, ALT, and ALP in RKL, RKM, and RKH rats were significantly decreased in comparison with MC rats (P < .05, P < .01) except for the serum level of AST in RKH rats (P > .05). Compared with the normal control (NC) group, *P < .05, **P < .01; compared with the model control (MC) group, { P < .05, {{ P < .01. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RKH, RKM, and RKL, high-, middle-, and low-dose raspberry ketone, respectively; TC, total cholesterol; TG, triglycerides.
Effect of RK on GLU, INS, IRI, and ISI indicators in rats
The levels of blood GLU and INS in MC rats were increased compared with NC rats (P < .01) ( Table 3) . Therefore, RK had a tendency to decrease blood GLU. The levels of blood GLU in all the RK dose groups were lower than in MC rats (P < .01). All RK dose groups had significantly decreased levels of INS compared with MC rats. As shown in Table 3 , we computed the IRI and ISI based on fasting GLU and fasting INS. The results showed that the IRI of MC rats was elevated compared with that in NC rats, but the IRI values of all RK groups were significantly lower than that of MC rats. In contrast, ISI values of all the RK groups were significantly higher than in the MC group.
Effect of RK on serum FFA, LEP, and TNF-a indicators in rats Table 4 shows that the levels of serum FFA, LEP, and TNT-a in MC rats were significantly higher than in the NC group. Compared with MC rats, the levels of serum FFA, LEP, and TNF-a in RKL rats were significantly lower (P < .01). In addition, FFA, LEP, and TNF-a in RKM rats were also significantly decreased (P < .05, P < .01). However, the level of serum FFA in RKH rats was not significantly different compared with MC rats (P > .05), but LEP and TNF-a were significantly lower compared with MC rats (P < .01).
Effect of RK on antioxidant capacity of liver tissue indicators in rats
MDA directly reflects the rate of spread and the strength of tissue cell lipid peroxidation, and it indirectly reflect the degree of cellular damage. We found that the higher the content of MDA, the more serious the biofilm damage (Table 5 ). Our statistical analysis indicates that the MDA content of liver homogenate of MC rats was significantly higher (P < .01) than that of NC rats, with no significant difference compared with RKM and RKL rats (P > .05). In conclusion, with respect to decreased MDA activation in liver, homogenate of RKH was most effective.
Determination of SOD activity reflects the antioxidant capacity in vivo, as well as measuring tissue cell antioxidant levels. Compared with the NC group, the SOD activity in liver homogenate of MC rats was decreased (Table 5 ), but the difference was not significant. The SOD activities in all RK groups were increased, but only RKM and RKH were significantly higher than in the MC group (P < .05, P < .01). Compared with the NC group, *P < .05, **P < .01; compared with the MC group, { P < .05, {{ P < .01. FFA, free fatty acid; LEP, leptin; TNF-a, tumor necrosis factor-a.
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Effect of RK on PPAR-a and LDLR indicators in liver homogenate of rats
From Table 6 , we concluded that levels of PPAR-a and LDLR in liver homogenates were both lower than in NC rats (P < .01). Levels of PPAR-a and LDLR of RKH, RKM, and RKL rats were significantly higher than those of MC rats (P < .01).
Effect of RK on hs-CRP and APN indicators in liver homogenate of rats
The hs-CRP of MC rats was significantly higher compared with NC rats (P < .01), and the APN level was significantly lower (P < .01) ( Table 7 ). There were significant differences between all RK groups and MC rats (P < .01).
Effect of RK on histomorphology of liver tissue in rats
Anatomical observation of liver. The general appearance of the liver was observed carefully when rat liver was dissected. Livers of the NC group showed a sharp fringe, soft texture, good elasticity, and a smooth surface with a wine color. Livers of the MC group showed diffuse intumescence, a dull and thick fringe, doughy texture, no elasticity, introcession when pressed, yellow surface color, greasy cross-section, and adhesion with surrounding tissue, which indicates that high-fat feed induces severe adiposis hepatica in rats. The liver appearances of the RKL, RKM, and RKH rat groups were between those of the NC and MC groups. The liver color of the high-dose group was close to that of the NC group, which indicates that RK reduces fat and lessens the symptom of adiposis hepatica.
Pathological observation of liver. Hematoxylin-eosin staining was applied to liver tissue and evaluated under a light microscope. The effect of RK on experimental rat liver under pathological conditions was observed.
In the NC group (Fig. 1A) , the structure of rat liver was clear. The acini hepatis, portal area, and other structures were complete and clear. The liver cells aligned regularly with central veins as the center showed a radial pattern. The size of liver cells was normal, the cell nucleus was in the center, and the cytoplasm was uniform. No dropsy, apomorphosis, necrosis, and inflammatory cell infiltration were observed. Also, the sinus hepaticus demonstrated no distension and engorgement.
In the MC group (Fig. 1B) , diffuse pimelosis of different extents appeared in the liver, which showed that the volume of pimelosis cells increased, fat vacuoles of different quantities and sizes were in the cytoplasm, the cell nucleus was pushed to the fringe, the structure of the acini hepatis was damaged seriously, the sinus hepaticus was narrowed and even disappeared with compression, and the hepatic cord arrayed irregularly. Dropsy, apomorphosis, necrosis, and inflammatory cell infiltration of liver cells were observed. Because of fat deposition in the liver, vacuoles, dropsy, spotty and flaky necrosis, and inflammatory cell infiltration appeared under the optical microscope after slicing, which demonstrates that the rat model of nonalcoholic fatty hepatitis was established successfully.
In the RKL group (Fig. 1C) , the liver structure of experimental animals recovered inconspicuously. The demarcation of acini hepatis was not clear. The liver cells showed different extents of adipose degeneration. The liver cell cord disordered, and the sinus hepaticus disappeared. Inflammatory cell infiltration and punctiform necrosis were present in the portal area.
In the RKM group (Fig. 1D) , the liver structure recovered to some extent. Also, the liver cell surrounding the central veins exhibited some recovery, showing a radial Compared with the NC group, **P < .01; compared with the MC group, {{ P < .01.
APN, adiponectin; hs-CRP, high-sensitivity C-reactive protein.
FIG. 1. Histological examination of liver tissue sections stained with hematoxylin-eosin dye: (A) NC group, (B) MC group, (C) RKL group, (D)
RKM group, and (E) RKH group. · 400.
FIG. 2.
The appearance of liver cells in each group by transmission electron microscopy: (A) NC group, (B) MC group, (C) RKL group, (D) RKM group, and (E) RKH group. 500 WANG ET AL.
arrangement, and the sinus hepaticus recovered. The liver cells around acini hepatis showed different extents of adipose degeneration. The liver cell cord was disordered, and the sinus hepaticus disappeared. There was still inflammatory cell infiltration in the portal area. In the RKH group (Fig. 1E) , most liver structures recovered to near normal. The demarcation of acini hepatis was clear. The liver cell cord showed a radial arrangement, and the sinus hepaticus recovered. There were a few lipid droplets in the liver cell cytoplasm, and a little inflammatory cell infiltration was also found in the portal area.
These results showed that RK can reduce liver lipidoses of nonalcoholic fatty hepatitis rats and prevent the generation of adiposis hepatica. It also indicates that RK can to a large extent reduce the symptom of nonalcoholic fatty hepatitis induced by high-fat diet.
Electron microscopy. In the NC group ( Fig. 2A) , the ultramicrostructure of rat liver cells was normal. The liver cell nucleus was round or close to round. The rough endoplasmic reticulum was abundant and clear and held together by amylon. The apparato reticulare structure was clear, the cytochondriome was abundant, and the crista was complete and clear.
In the MC group (Fig. 2B) , the ultramicrostructures of rat liver cells were obviously abnormal. The liver cell matrix was thin, with a high degree of lipidation, filled with large amounts of fat vacuoles; even the cell nucleus was pressed by lipid droplets. The rough endoplasmic reticulum in the cytoplasm had obvious distention and degranulation. The crista and glycogen granules were floating free from the cytochondriome. Meanwhile, caryotheca crenation and nuclear chromatic agglutination were observed in some liver cells and Kupffer cells.
In the RKL group (Fig. 2C) , the lipid droplets in cells were decreased with little engorgement in the cytochondriome. All structures of the liver cells were damaged to different extents. The cytochondriome and rough endoplasmic reticulum in the cytoplasm had light engorgement or broken crista, but the pathological changes were obviously improved compared with the MC group.
In the RKM group (Fig. 2D ), a few fat vacuoles were observed in the liver cells. The cytoplasm had slight lipidation, the rough endoplasmic reticulum was abundant and held together with amylon, and the cytochondriome showed engorgement, but the cristae were clear on observation.
In the RKH group (Fig. 2E) , the cell nuclei of liver cells were generally normal. The cytochondriome was abundant, and a few cytochondriomes were varicose. The rough endoplasmic reticulum was abundant and held together with amylon, and small lipid droplets were found occasionally.
DISCUSSION
This study indicates that RK has conspicuous preventive and therapeutic effects on nonalcoholic fatty hepatitis due to the following mechanisms:
Decrease in adipose degeneration in liver cells Serum transaminases are sensitive to liver cell damage. ALT mainly resides in liver cell endochylema, whereas AST mainly resides in cytochondriomes, with a small amount in the endochylema. 34 Therefore, ALT is more sensitive to liver cell damage than AST, whereas AST can reflect the extent of damage to liver cells more precisely than ALT. ALP in liver is located in liver cell membranes and microvilli of the cholangiole; thus the combined detection of ALT, AST, and ALP reflects the extent of damage to liver cells. The activities of ALT, AST, and ALP in serum from the MC group of rats were higher than those in the NC group, which indicates that the NASH rat had severe liver cell damage. After treatment with RK, the activities of ALT, AST, and ALP in MC group rat serum decreased significantly. The combination of macroscopic observation of liver and histopathological observation of hematoxylin-eosin staining under the electron microscope showed that RK can reduce fatty deposition of liver cells and promote cytostasis to decrease the degeneration and extent of necrosis in liver cells.
Reduction of inflammatory cell infiltration of hepatic tissue
When liver cells have adipose degeneration, NASH induces conspicuous inflammation in hepatic acini accompanied with portal area inflammation and hepatic fibrosis. Liver tissues with hematoxylin-eosin staining under the optical microscope demonstrated different inflammatory cell infiltration in acini hepatis. 35, 36 After treatment with RK, inflammatory cell infiltration in the liver was obviously decreased. The aforementioned phenomenon indicated that the inflammatory extent of liver tissue had been diminished because of both a decrease of the inflammatory cell population and functional degradation.
APN is a cell factor that is excreted by adipose tissue and closely related to metabolism. RK can increase the expression of liver APN and sensitivity to INS. Its mechanism may be related to restraint of nonenzymatic conversion, increase of APN externalization, and reduction of the effect of IR. 37, 38 RK also prevents oxidation of fat to protect the stability of liver cell membranes, reduce externalization of the inflammatory factor TNF-a, and lessen inflammation of liver cells.
Correct blood lipid metabolic disorder
The increase of FFA is an important initiation factor of NASH. Changes in any aspect of englobement, synthesis, and metabolism of FFA may result in more deposition of triacylglycerol in liver and finally result in adiposis hepatica. In this study, rats consumed fatty acid from the high-fat diet, which causes increases in FFA and triacylglycerol content in blood, and thus triacylglycerol was deposited much more thickly than in the control group. After treatment with RK, the lipochondria on the liver surface decreased upon macroscopic observation, the liver wet weight decreased, and the FFA and triacylglycerol contents in blood serum dropped significantly, which indicates that cleaning the liver and adjusting the fat diet can correct the blood lipid metabolism of the NASH rat and reduce fatty deposition in the liver by reducing the extent of adipose degeneration of liver cells.
Improve IR
The first hit of the ''two hits'' theory of NASH pathogenesis mainly expresses IR. IR has significant correlation with distribution of body fat. Accompanying the increase in adipose cell population, the sensitivity of the population degrades gradually, which is an obstacle in the normal pancreatic island-adipose cell axis feedback mechanism to generate hyperinsulinemia, while hyperinsulinemia can further aggravate the blood lipid metabolic disorder. In this experiment, INS serum content and the IRI of the NASH rat model greatly increased, whereas the ISI decreased significantly. After treatment with RK, INS serum content, blood GLU level, and IRI of the MC group decreased significantly, whereas the ISI increased, indicating that IR is drastically improved by RK.
Improve LEP resistance
LEP is a hormone secreted by adipocytes that can control food intake, adjust energy metabolism, participate in sugar and fat metabolism in liver, stimulate generation of liver GLU, decrease the synthesis of TG, and elevate the sensitivity of liver and peripheral tissue to INS. Previous research discovered that the LEP content of nonalcoholic fatty liver patients has a positive correlation with INS content. In this study, serum LEP levels of the NASH rat model increased greatly. After treatment with RK, LEP levels decreased significantly, which indicates that RK can improve LEP resistance.
Reduce the release of TNF-a TNF-a, an inflammatory cytokine released by liver macrophages, can affect the cytochrome P450 enzyme system to cause cytochondriome damage and further result in a ''cascade'' of inflammatory reactions and aggravate adipose degeneration and hepatocellular damage. Our study found that the serum TNF-a content increased significantly in the NASH rat model, which confirmed that TNF-a has an important effect in NASH morbidity. After treatment with RK, serum TNF-a content decreased significantly, which indicates that RK can reduce the release of TNF-a.
Elevate oxidation resistance
Reduced glutathione and erythrocuprein (SOD) are major antioxidants in liver cells. When the balance between oxidant and antioxidant is disrupted, oxidative stress is generated. In this study, the liver homogenate SOD activity in the NASH rat model is significantly lower, the antioxidation capability of liver cells is weakened, and the MDA content increases greatly. Nevertheless, in each dose group of RK, the liver homogenate SOD activity was elevated significantly, and MDA content decreased notably, which indicates that RK could protect against oxidative stress.
Adjust lipid metabolism
PPAR-a is a key factor for adjusting an organism's energy metabolism and the fatty acid oxidation of the cytochondriome, peroxisome, and corpusculus. LDLR is a glucoprotein on the cell surface. Both PPAR-a and LDLR have a great regulatory effect on in vivo lipid metabolism. Our research found that PPAR-a and LDLR levels of rat liver in the NASH model groups are lower than those of the NC group (P < .01). The decrease of PPAR-a and LDLR results in fatty acid metabolism disequilibrium and lipidoses in liver, which is one of the reasons for NASH morbidity.
CONCLUSIONS
In this study, a nonalcoholic fatty hepatitis model was established successfully, and RK was used for adiposis hepatica interference with a high-fat diet. The results show that RK can decrease lipid levels in blood serum and hepatic tissue, reduce the generation of FFA, and finally protect liver cells. RK can prevent damage of liver cells and reduce the effect of liver inflammatory reaction by improving IR and LEP resistance. RK can further restrain oxidative stress and the lipid peroxidation reaction, maintain the balance between oxidation and antioxidation, and prevent damage in liver cells. RK can also diminish the active damage of liver cells induced by high-fat diet to protect liver cells. RK can reduce the inflammatory damage and adipose degeneration extent of liver to recover the structure and function of liver cells gradually. Thus it is considered that RK has both liverprotective and lipid-adjusting effects. The mechanism of action may be to lessen adipose degeneration of liver cells, reduce inflammatory cell infiltration of hepatic tissue, correct blood lipid metabolic disorders, improve IR and LEP resistance, reduce the release of TNF-a, and elevate the oxidation resistance.
